Abstract-Users' feedback is a main source of knowledge on how users perceive the role of software in meeting their requirements. Collectively, such feedback helps shaping software autonomous and semi-autonomous adaptation decisions of what is called Social Adaptation. It also helps developers to identify loci in the system where an evolution should be introduced in the next release. Despite this role of users' feedback, there is a lack of systematic engineering approaches on how to design its acquisition mechanisms.
I. INTRODUCTION
Traditionally, the research in engineering adaptive systems has deliberately limited the role of users in steering the adaptation process with the good intention of maximizing the system's autonomy and minimizing the need for human's intervention. There has been a great deal of emphasis on architectures to support design and development of adaptation, models for anticipating and reacting to changes in the managed system and methods for verifying properties of these systems [2, 7] . Ultimately, self adaptivity is a meta-computing capability which enables a system to reason about itself and its dynamic environment so that it can formulate the right decisions to reach users' requirements [5] . Thus, users and their requirements are main drivers for adaptation.
Overlooking the role of users in forming adaptation decisions and the reliance on software developers and design time validation, steered by developers, would lead to adaptation decisions that eventually and sometimes very quickly, become invalid. To keep the software up-to-date with regards to users' needs, users should be given a voice in shaping adaptation as a lifelong process [1] . Giving users an active role makes adaptation more transparent and increases their confidence in the system [6] . In this direction, one of the research challenges identified in the engineering of self adaptive software systems road map is: [To devise a way of] "analysing feedback types from human-computer interaction and devising novel mechanisms for exposing the control loops to the users, keeping the users of self-adapting systems in the loop to ensure their trust" [2] .
Users can collectively enrich the adaptation decision making ability. Social Adaptation is defined as a system's autonomous ability to analyse users' feedback and choose an alternative configuration which is collectively shown to be the best for meeting requirements in a context [1] . Social Adaptation has the benefit of keeping the software and developers' knowledge about users updated. Since users are treated as first-class entities in both the engineering and also the operation of such systems, Social Adaptation is also expected to improve transparency and raise user trust in self adaptive systems. In fact, over a long time using the software, users may be able to shape the decision-making process in a way that can only be done by today's experts.
Research on the role of users and their requirements in self adaptive systems have been done under themes such as requirement-aware self-adaptive systems [8] , requirement monitoring at run-time [5] , users' involvement in software evolution [12] and adaptation in pervasive software systems [4] . Social Adaptation is unique in the sense that instead of catering to the requirements of a user or subset of users, it harnesses the wisdom of the "crowd" to adapt the system rather than the decisions of an elite group of users or those of developers. Social Adaptation pursues the goal of democratic like, consensus-based social approach to adapting software systems to meet users' requirements.
A core element of involving users in the adaptation process is that their feedback is obtained while using the software in different contexts. The lack of engineering processes for feedback acquisition leads to poorly designed feedback collection mechanisms and this in turn harms the quality of collected feedback, users' experience and the quality of adaptation and evolution decisions [10] . Despite of this role of users' feedback, there is a lack of research on how to engineer feedback acquisition in a way that guarantees quality of the obtained information and, the same time, maintains user's experience.
In this paper, we conduct an empirical study to understand users' different perspectives and behavioural aspects to feedback acquisition for socially-adaptive software. A mixed method (sequential-exploratory approach), conslstmg of interviews and a questionnaire, was followed. Our findings show that the acquisition of feedback is best designed as an adaptive process itself. We elaborate on a set of important factors which should be catered for when designing that adaptation. Our findings contribute to the knowledge base for developers and researchers on tackling the diverse challenges of a systematic development of feedback acquisition for the user centric, or crowd-centric, adaptation.
The paper is structured as follows. In Section 2 we describe the design of the qualitative phase of the study. In Section 3 we discuss the results of that initial qualitative phase. In Section 4 we describe the design of the quantitative phase of the study and we report on the results in Section 5. In Section 6 we elaborate on our [mdings. We discuss the threats to validity of our study in Section 7. In Section 8 we review the related work and in Section 9 we draw our conclusions and recommendations for designing an adaptive feedback acquisition.
II. QUALITATIVE PHASE DESIGN
Qualitative methods have been shown to be helpful in studying and gaining deep and better understanding of human behaviour [16] . Since understanding the behaviour of users in relation to feedback acquisition in software applications is a high concern for us, the qualitative phase is a good fit to adopt as a first phase in our methodology. This allows us to get enough insights on users' behaviour to feedback acquisition in order to develop the second phase of our methodology.
Interview is one of the common methods of data collection in qualitative research [17] . Interviewing can be distinguished from other qualitative data collection techniques in that it is much more exploratory in nature and much more flexible in location, scheduling and range of participants. It is also a very effective method for gammg a deep insights and understanding of other's behaviour [18] . For the previous reasons and the nature of our study which aims to understand people's behaviour and perceptions with regards to feedback acquisition in software applications, we adopted interviews as a data collection method in the first qualitative phase. This qualitative phase will guide our development of the second phase, the quantitative phase.
A. Interview Design
Semi-structured interviews were conducted with 7 participants to explore their perception of software-mediated feedback acquisition. Participants were carefully selected in order to guarantee a high level of diversity and to avoid bias towards only certain group of people (e.g. different personal characteristic). These face-to-face interviews were conducted at Bournemouth University and each interview lasted for about 40 minutes.
An interview protocol was developed in consultation with the literature [19] and the results of a group discussion which followed a research seminar given by the authors on the topic. The protocol was revised after 2 initial pilot interviews. In the protocol, the first set of questions (personal information) was developed to ensure diversity in participants' personal characteristics. The second set of questions (general software and computer familiarity) was developed to ensure that participants are familiar with software applications and computers in general and to ensure that the inclusion criteria are fully met by all participants. The last set of questions (experiences and behaviours) was developed to study participants' perception and attitude with regard to software mediated feedback acquisition. The interview script can be found at: http://goo.gl/4NPglH. By combining the interviewees' answers, we were able to draw foundations and develop a solid base that helped us in the design of our second quantitative phase of the study. At the beginning of each interview session, each participant signed a consent form .. In addition, each participant received £7 lunch voucher as an appreciation for taking part in our study.
B. Sampling
Purposeful sampling is a common technique in qualitative research [19] . In this study, we used purposeful sampling to select candidate participants to be interviewed. Our inclusion criteria allowed for participants who are either students or university staff members coming from different backgrounds, within an age range of 19 to 29 and average computer users (various use of software applications, e.g. internet browsing). The sampling criteria were developed to allow for more accuracy and variety in selecting participants. In addition, we targeted the academia sector due to easy access to academic participants in different academic institutions all over the world. This geographical diversity enhances our study by gathering different perceptions and opinions regarding feedback acquisition in software applications.
In qualitative research there is typically no emphasis on the quantity of participants and the number of participants depends on reaching a saturation point. This means the sampling of relevant cases should continue until no new theoretical insights are being gathered from the data [20] . In our research we interviewed 7 participants till we reached a reasonable saturation in terms of getting insights that allowed us to develop our second quantitative phase. Table 1 , shows the characteristics of our sample. Interviews were audio taped and transcribed verbatim. Analysis was performed in several steps which included: (1) initial exploration of the gathered data by reading the transcripts; (2) coding data by labelling and segmenting the text; (3) using an inter-coder agreement check to verify codes (two researchers worked on verifying codes and a third researcher was approached for solving conflicts); (4) using codes to generate themes by gathering similar codes together; (5) connecting, comparing and interrelating themes. Credibility of our findings was maximized by the inter-coder agreement and academic advisor's auditing [19, 21] .
III. QUALITATIVE FINDINGS
As previously stated, the interview design covered different angles of user behaviour with regard to feedback acquisition in software applications. When analysing the data by grouping like-minded (similar in meaning or context) quotations, 31 codes and sub-codes began to emerge which were further grouped into 6 themes. Table 2 shows the themes, codes and sub-codes. Each theme consists of two or more codes/sub-codes which are briefly discussed and illustrated further with interview excerpts: 
A. Explicit Feedback Advantages
Participants were asked about the value and advantages of being explicitly asked for feedback. The majority of participants emphasized two different aspects as the core advantages of explicit feedback:
• [1.1] Evident channel for delivering users' voice and raising developers' awareness " E xplicit feedback would be a lot better. That's why most people that release software go to conferences and tell software programmers, game reviewers, and diff erent people to talk about the software they produce".
• [1.2] Better for ethical reasons " ] think from an ethical standpoint, explicit feedback is much friendlier to a user because they know exactly what they're submitting ".
B. Motivations for Feedback Provision
The past experiences of the interviewees with feedback requests enabled them to identify the factors that have a noticeable effect on their motivations to give feedback on a software service or a product. The following dimensions of motivations were extracted from participants' responses:
1] Visibility of feedback effect on the system. Some participants indicated that being able to see the impact of their feedback on the software plays a core role in motivating them to give feedback "The problem that] always have when I'm asked for feedback is; does my feedback really count? "
2] Usability and simplicity Another factor that motivates users to give feedback is the simplicity, and usability of the method and the language used to get their feedback "why do] have to give afour paragraphs of feedback on a product when] can just rate or rank it ", " ] think it is all about the word you use versus a word that might intrigue people".
• [2.3] Visibility of opposite feedback An interesting factor that can increase users' motivations to provide feedback is the user's ability to see different types of feedback that conflict with their own perception or opinion about a product or a service provided by a software application "If negative feedback is given for example by a seller on eBay and] had positive experience with them then Yes] would give feedback to ] could warn people that there's a chance that you might like this seller ".
• [2.4] Reasonable number of feedback requests Receiving a large number of feedback requests might lower users' motivation to respond to feedback requests due to the annoyance that it typically causes " ] think receiving emails all the time asking for feedback is quite bothersome because you're getting loads of em ails in your inbox ".
• [2.5] The exciting nature of feedback subject. Being obsessed or passionate about a product or software service plays a role in motivating some users to give feedback or write a review about it " ] give feedback on things that make me happy. But when it's just like gloves and shoes and regular things, ] don't even do that".
• [ 
2.6] Positive experience
Being significantly happy and satisfied with a product or a software service greatly increases users motivation to review or give feedback about it "J bought a cooling pad for my processor and J wrote a couple of things, but not so much so J just wrote that like how it came really quickly and it was really good, it fits perfectly, it's cheap. ".
• [2.7] Negative experience Interestingly all respondents agreed that being unhappy, unsatisfied or in need for improvements with a product or software service is a key factor that drives them to give feedback about such as raising complaints "On eBay when J didn't get my item in the end J had to leave a negative feedback".
• [2.8] Less interruption and distraction "J wouldn't suggest anyone to pop up into my window when I'm busy doing some work. Jt is just an offense ".
• [2.9] Device used "If you ask me for a feedback that requires me to write many sentences while using my smart phone then surely J won't reply. But if J was using my pc then J might respond".
• [2.10] Raising public awareness "The reason J gave feedback was because J wanted to make sure that everyone learns about this specific service and its negative and positive sides ".
• [2.11] Being forced by the software An observation was made by many respondents on being forced by the software to give feedback (e.g. popup dialogs) as a motivation to respond to these requests "it's just a kind of gentle way to force me to give feedback". However, being forced to give feedback can cause a low quality feedback "J would give a low ratingfrom the frustration or high ratingjust to get it away from me ".
e. Feedback Acquisition Methods
Participants were asked to recall some of their past experiences with regard to feedback acquisition and their reaction to it in order to extract their preferred method. Various methods were extracted from their responses:
Emails give more time for users to respond to feedback requests as well as less interruption. They are also better for qualitative feedback "J think emails are good if you want someone to actually sit down and write a couple of sentences about how they feel about your service ". Emails are also more personalized "If you say something that is meant to be only for me such as asking me by my name then J would responds, why not?"
Quantitative feedback request "J prefer multiple choice or ratings because it's just easier, simpler, and faster ".
• [3.3] Passive feedback fonns We define passive feedback as a feedback that is given by the user on voluntary bases and without being asked to do so by the software. An example can be a rating panel to the left side of a website page. One participant indicated that having feedback requests sent to them by all means (i.e. emails, popups) is annoying and a feedback channel to deliver their voice when needed should be passively available (e.g. feedback form in a website) ''] find it problematic to send me any kind of feedback requests.
If I'm not happy with something J will go to their website and complain right to them".
• [3.4] Combination of qualitative and quantitative ''In the real world, the best way is to sort of have a combination of both qualitative and quantitative "Rate and then If you have any other comments, please leave them below".
D. Pause of Feedback Requests
From participants' responses we created this theme that encapsulates the dimensions in which sending or asking for feedback should be paused or stopped:
Same feedback is given When the same feedback or response is given by the user (i.e. same rating each time) "I've done it like once or twice but it usually comes up a lot. It just keeps popping up. If J keep sending them the same answer then there would be no point of asking again ".
• [4.2] Lack of interest
When there is an ignorance or lack of users' interest in the software service or product "J find it annoying is when I'm using my phone and J do not really care to rate an application and it keeps saying; will you please rate this application?"
Passive feedback is preferable When users do not prefer to be directly asked for feedback and would rather give feedback when they want.
E. Timing for Feedback
All participants indicated that timing for sending feedback requests is a critical factor that can affect their response to the requests. Participants indicated some timing factors that should be taken into account when initiating a feedback request by software:
1] Enough time before requesting feedback Enough time should be given to the users to familiarise them with the service or product before asking for feedback in order to maximise the quality and truthiness of the feedback "J think a user needs some time to really get a good evaluation of what they're using before they are asked for feedback".
• [5.2] On recent service or product Feedback should be requested on a product or a service that the user has used recently so that the user is still interested in it and find some excitement in expressing their opinion.
• [5.3] Reminder is needed Some users need to be reminded to respond to feedback requests "J don't delete feedback emails so that J'll remember to come back to it but sometimes J kind of forget to come back".
• [5.4] Avoid work time or hours Asking for feedback when users are busy might affect their willingness to respond to these requests "J wouldn't expect myself to probably send a feedback during working hours ". Being able to see others feedback and reviews is a positive mechanism that affects users' perception about certain software service or a product.
• [6.2] The trend of current feedback Visibility of others feedback/reviews could also motivate users to give feedback or write a review about the provided service.
Some of the themes explained above are interrelated with each other. For example, being motivated to give feedback and being targeted by the wrong feedback acquisition method makes users lose interest in responding. Another example is that, being motivated and targeted by the right acquisition method but at the wrong time makes users ignore responding to the feedback request and vice versa.
The interviewees described their behaviour and past experiences with regard to feedback acquisition in software applications. Analysing the qualitative data resulted in six dominant themes. We used the six themes/dimensions as a foundation for developing a quantitative measure. The next section describes the process used for developing, conducting, analysing and reporting the second phase of the study.
IV. QUANTTTTA TTVE PHASE DESIGN
The aim of the quantitative phase is to combine the unique strengths of both qualitative and quantitative paradigms to further investigate and assess our [mdings from the fIrst phase and allow for more generalizability. For this phase, a questionnaire with 31 questions with various types (i.e. single choice and multiple choice questions) was developed. Findings from the qualitative study served as the bases for developing the survey's script with regard to users' perception and reaction to feedback requests.
The questionnaire was fIrst piloted on six participants who met our sampling criteria. The feedback from those participants was used to revise and refIne the questionnaire before distributing it to the larger sample of participants. The revised and refIned questionnaire was then sent by email to selected students and staff members. The invitation email contained a brief description of the purpose of the questionnaire and asking them to take part in the study. The e mail also contained a web link to the questionnaire and instructions for accessing it. The questionnaire itself started with an introduction to the topic of interest so as to familiarize the participants with the subject matter. Participants were also informed about what is expected from them and how the results of the questionnaires will be used. The data collection took place between September 15 and November 16, 2013. Five days after distributing the questionnaire, e-mail reminders were sent to participants who did not respond to the invitation. The questionnaire and data gathering went through the ethics approval process. The questionnaire submitted to participants can be found at: http://goo.gJ/4NPglH.
A. Sampling
A simple random sampling approach was used as to recruit the participants. The advantage of the simple random sampling method is that it minimizes bias in selecting participants and allows the result to be more generalizable to other populations groups [22] .
Access to students and staff members email contacts at Bournemouth University was gained by the university and a computer software program was used to generate and extract a random set of emails and mailing lists that was then used as a selected sample.
In order to counter-balance the geographic and demographic homogeneity of the on-campus participants, a convenience sampling technique was also used to recruit more participants (35) from different countries such as Egypt, KSA, Ireland, China and the Netherlands. Table 3 shows the characteristics of the participants.
A total of 180 participants were invited to take part in the survey. A number of 150 participants started the survey and 100 appropriately completed forms were returned. When considering the average time to complete the survey (25 minutes), the size of the form and the amount of effort required completing it, we consider this number of participants to be a good rate of return. We closed the survey once we reached 100 participants. We considered this as a reasonable number of responses especially that the initial analysis of participants responses at that stage showed that some clear trends and clusters were already established.
B. Analysis
The returned questionnaires were analysed and cleaned up and irrelevant and inconsistent responses were excluded (i.e. 50 incomplete and/or clearly random forms were excluded from the analysis). A statistical analysis of the survey was conducted to describe the data [23] . Then a cluster analysis was conducted to group similar users into initial clusters according to their behaviour to feedback acquisition in software applications. The statistical analysis was carried out using Qualtrics (www.qualtrics.com) which is a widely used online survey software. The cluster analysis was conducted using Weka tool [26] . Weka is a data mining tool that is widely used, free, open source Java application. It provides algorithms and computational paradigms that allow computers to discover structure in databases and perfonn predictions.
V. QUANTITATIVE FINDINGS

A. Participants' Characteristics
The participants' demographics were analysed using cross tabulation and frequency counts and then summarized. Participants where compared over their age, gender, level of education and country. From this analysis a high level of diversity among participant is clearly presented maximizing the generalizability of our findings. For example, participants come from 19 different countries Including UK, KSA, Brazil, Iran, Germany, and USA. They had different ages, genders and levels of education as shown in Table 3 .
In addition and as shown in Table 4 and Table 5 , the majority of the participants represent a typical set of software users who use typical and diverse set of popular software applications rather than domain specific software (e.g. desktop applications) for everyday life activities (e.g. movie players). Therefore, their feedback reflects their experience with popularly used software applications. This supports the generalizability of our finding. 
B. Feedback Acquisition Methods and Feedback Types
Before digging deeper into users' preferences in regard to the methods that have been used to collect their feedback, we investigated whether they actually like to be asked for feedback explicitly. 70% of the participants provided negative responses. This reflects the high need for novel mechanisms to increase users' engagement as evaluators of software applications. This also provides strong evidence that the current explicit feedback acquisition processes are poorly engineered and conducted. This suggests that new novel mechanisms and engineering approaches are needed to change users' negative views toward feedback acquisition. Some comments from participants further explain the logic and motivation behind their negative views (see Table 6 ): "1 find it hindering and unprofessional . " "They o f ten ask several times about the same thing . " "The bene f its are always not clear to me as a user . "
Participants were further asked to choose their preferred types of feedback and methods used for gathering such feedback. A number of answers were extracted from their responses which highly confirm and enhance our previous [mdings in the first phase of this study (see qualitative [mdings). Participants' answers vary over the following items:
Feedback Types
Explicit feedback: such as sending emails to users asking their feedback. Explicit feedback includes:
• Qualitative feedback which is preferred by 9% of participants. An example of this type would be writing sentences or lines of texts to communicate users' thoughts in a free-style.
• Quantitative feedback which is preferred by 48% of the participants. An example of this type would be rating and giving stars to a set of quality attributes such as comfort, and speed.
• A combination of qualitative and quantitative which is preferred by 55% of the participants. This means the user has the choice to use their preferred one such as rating and giving stars with the ability to add text if! need. Implicit feedback: such as monitoring and analysing users' usage of the software application. Participants showed less interest in implicit feedback. Only less than 20% choose implicit feedback as their preferred method. Privacy issues and ethical related factors could be the reason behind this low interest. For example, a user commented that "The implicit modality is also interesting. but 1 tend to be concerned with my privacy and disallow this option".
Acquisition Methods
•
Passive feedback acquisition method is preferred by 51 % of participants. In this method users submit their feedback on a voluntarily base and without being proactively asked by the software (i.e. through a contact us form).
• Offline feedback acquisition method is preferred by 33% of the participants. In this method users submit their feedback offline (i.e. after using the software). An example of this method would be sending the user an email or an SMS message asking for their feedback.
• Online feedback acquisition method is preferred by 54% of the participants. In this method users provide their feedback online while using the software. An example of this method could be showing the user a feedback popup dialogue while using the software.
• Using Hints or tips as a method to collect users' feedback is preferred by 31 % of the participants. An example would be showing a user a hint message telling the users that they can go to a feedback centre such as a forum specifically designed for this purpose and leave their feedback. Table 7 shows some comments from the participants to further explain their logic and motivation of their choices: Further analysis of the participants' responses extracted the following dimensions of motivations which highly enhance and confirm our previous findings (see qualitative findings):
1) Users' Experience The first set of motivations that were identified by users is related to users' experience with feedback requests that can negatively or positively affect their willingness to respond to a feedback requests. Users' responses varied over the following factors:
• Simplicity of feedback requests was indicated by 64% of the participants as a key factor that can highly influence their willingness to give feedback. An example of this factor could be the time a feedback request requires a user to think about and answer.
• Timing for feedback requests was also indicated by 75% of the participants as a vital factor that can greatly affect their willingness to give feedback. For instance, when a user is engaging with some other activity they may not respond.
• Awareness of the usage and impact of the feedback on the system was mentioned by 54% of the participants as a valuable factor in motivating them to give feedback. Users can be motivated to give feedback if they are able to know how their feedback would be used and whether it has been taken into account to improve their experience or led to any changes.
• Privacy is also a factor that can affect the willingness of around 31 % of the participants. An example of a privacy factor that can decrease a user' willingness to give feedback could be the ability of others to see or infer the user's given feedback.
• Familiarity with the software was also indicated by 42% of the participants as an important factor that can affect their willingness to give feedback. For instance, users are more motivated when they have enough experience with the software application before responding to feedback requests. Users find it against their privacy to use their implicit feedback (see qualitative findings: explicit feedback advantages). However, in comparison to other factors for motivating users to give feedback (i.e. simplicity of feedback requests), privacy issues do not seem to play a highly important role in motivating users to respond to explicit feedback invitations as indicated by the low percentage given by users to privacy reasons (31 %). Timing for feedback request has been also highly emphasized by both users and experts as discussed in [3] to be a highly important factor that can negatively or positively affect users' willingness as well as the quality of their feedback. Table 8 present participants' responses when asked the following question: "How do you feel about the feedback requests which come at the wrong time (a popup dialogue when you are navigating a website and moving to another page, a hint in a YouTube video to encourage you to rate it)? " 
2) Interface Design
Users emphasized the impact that interface design has on their behaviour and willingness to give feedback. The interface design can easily increase or decrease users' willingness to respond to feedback requests. It can also positively or negatively affect the quality of the feedback as discussed in [3] . Users' responses varied on the following design factors:
• Language used in the feedback request (i.e. friendliness, succinctness and clarity) was indicated by 52% of the respondents as a design factor that can influence their willingness to give feedback. This reflects the need and importance of carefully wording feedback requests and selecting the right language that fits the context of use and the type of users -e.g. formal language might be more suitable for professional users.
• Graphical design of the feedback request (i.e. font size, colours and the kind of photos used in the acquisition interface) was also ind icated by 31 % of the respondents as a design factor that plays a modest role in motivating them to give feedback. The low percentage reflects users' need for simple and straightforward feedback requests that are not full of graphically complicated presentations. However, this does not exclude the need for feedback requests that are graphically displayed in an attractive and reasonable way (e.g. readable font size).
• Simplicity and complexity degree of the method used to provide the feedback (i.e. clicking, a voice message, text with/without auto-completion) was mentioned by 74% of the participants as a factor that plays a vital role in motivating them to give feedback. The high percentage highlights the fact that users always avoid spending too much time and effort responding to feedback requests that require too much time and effort to submit their input. This reflects the importance of keeping feedback request processes and interfaces simple and straightforward as much as possible to leverage users' response rate and the quality of feedback
• Fitness of the design and content of feedback request to the context of use is a significant factor that can greatly influence users" willingness to give feedback as indicated by 81 % of the respondents. Example of such a factor could be -showing less details and simpler content when the user is using a smartphone. The relatively high percentage reflects users' frustration about feedback requests that do not take the context of use into consideration -e.g. presenting a complex and detailed feedback interface when the user is using a smartphone. This also indicates the importance of the context of use in relation to the interface design of user feedback requests.
• Information provided is considered as a modest factor that can also affect users' willingness to give feedback as mentioned by 24% of the participants. Example of such a factor could be showing users a sununary or statistics of other people's given feedback. Although the information provided by the feedback request interface is not highly important for some users, it is still considered by some users as an encouraging factor to respond to feedback requests. A dynamic feedback interface that shows a runtime statistics and summaries of feedback already given on a certain aspect of the software is still a valuable interface design factor that can empower user response rate and satisfaction.
3) Social Factors
Almost half of the participants indicated that several social factors, when considered in feedback acquisition, can noticeably affect their willingness to give feedback and their level of engagement with the software application. The following factors were emphasized:
• Visibility and similarity of others feedback: 47% of the participants indicated that being able to see others feedback and compare it against their own opinion about a service or a product can greatly affect their willingness to give feedback. For example, the majority of participants indicated that being able to see other people's feedback first and then compare it against their own opinion and having the option to accept or reject to give feedback can encourage them to give feedback. A user commented: "Giving feedback is a community experience and it helps to feel among others". However, the rest of participants indicated that visibility and similarity of others feedback will have no effect on their willingness to give feedback by all means.
• Volume of already given feedback: 52% of the participants indicated that the volume of already provided feedback on service or a product can affect their willingness to give feedback. For example, participants' willingness to give feedback increases when there are only few people who provided feedback on a service or a product. The remainder indicated that the volume of already given feedback has no effect on their willingness to give feedback by all means.
• Social recognition: 57% of the participants indicated that being socially recognized as a feedback provider is an important factor that can increase their willingness to give feedback and engage more with the software application.
There could be some constraints on this though. For example, some participants emphasized that, it is nice to be visible only when others can see their feedback which led to some changes on the system. The rest of the participants indicated that social recognition has no effect on their willingness to give feedback by all means. This could be due to privacy reasons as some users commented" J don't like others in my social network to see my feedback. J want to remain anonymous", "J am less likely to leave feedback if J am easily identifiable".
• Feedback acquisition as a social activity: 63% of the participants indicated that feedback acquisition as a social or game activity is not an important factor that affects their willingness to give feedback. Example of such an activity could be the users' ability to visualize how their direct and indirect social contacts are rating a certain service and how their feedback influenced the trend in their community. This negative response could be due to the desire for simplicity of feedback acquisition process. For example, a user commented: "J would generally say No. Jf J want to give a feedback, it would be feedback alone. J usually don't want any continuation from there. " However, the rest of the participants showed a positive interest in such an activity and even suggested some ideas on how to conduct the feedback acquisition as asocial or game activity. A user commented:" maybe a chat feedback dialog box would be nice (sending the feedback live and looking at diff erent users sending feedback at the same time). J do not like it to be more complicated or time consuming. "
The previously mentioned factors provide a clear vision about the conflicts and variety among users' behaviours and preferences with regard to feedback acquisition and the related social factors. This highlights the need to have a systematic way to develop such an activity that fits all different behaviours and preferences of users.
4) Volume and Frequency of Feedback Requests
Participants indicated that if the frequency or volume of feedback request from one software application (e.g. smartphone app) is very high it might result in a negative reaction from them towards that software application (i.e. stop using the software application) and can also reduce their willingness to respond to feedback requests (see Table 9 ). This is indeed an important issue that should encourage software developers to systemize the volume and frequency of feedback requests sent from a software application in a way that doesn't cause a negative reaction by users but empower their engagement and response rate to feedback requests. It is fine with me, T like to give fe edback often
3%
It is fine with me as long as T am not fo rced to give answers
13%
I tend to respond to some ofthem 14% I tend to give less fo cused or less truthful fe edback
10%
It leads me to give a negative fe edback as the requests 7% make me fe el annoyed I tend to ignore all of them and I tend to consider it as a 53% spam I tend to stop using the software sending me these requests 21%
D. Users' Clusters
Since there is a high level of variety among users' behaviours and preferences with regards to feedback acquisition in software applications, cluster analysis was used to further discover natural groupings in the data and to group similar participants together. The K-means clustering method was adopted [24] . K-means clustering is one of the widely used techniques to analyse a given set of data in order to produce meaningful clusters that can explain the natural grouping in data [25] . The initial clustering of participants served as an initial guide for the feedback acquisition process in which each group of similar users can be approached for feedback in a way that fits their preferences.
Main clusters
After conducting an intensive cluster analysis on the collected data, four main clusters that represented different groups of users were extracted. These initial clusters expressed the grouping criteria among users thus their behaviour with regard to feedback acquisition.
Some variables such as age, gender and level of education showed no significant influence on users' behaviour with regard to feedback acquisition. As shown in Table 10 , the most influential clustering variables that drive users' behaviour with regard to feedback acquisition are:
• Users' acceptance of feedback requests (likeness of being asked for feedback).
• Methods used to gather users' feedback (e.g. offline by sending an email).
• Users' preferable type of feedback (e.g. explicitly asked for feedback).
• Users' acceptance of being reminded to respond to a feedback request.
• Social Variables: a. Visibility and similarity of others feedback and its effect on users' willingness to give feedback. b. Volume of already given feedback.
c. Social recogmtIOn of feedback providers and its effect on users' willingness to give feedback. d. Feedback acquisition as a social activity and its effect on users' willingness to give feedback. The previous drivers/variables for users' behaviour in regard to feedback acquisition are highly correlated and can collectively influence a user's assignment to a particular cluster. These variables have shown a correlation coefficient of 0.8483 which is considered to be a relatively high correlation. A logistic regression analysis was also conducted to predict the accuracy of the extracted clusters and users' assignment to a particular cluster (e.g. the accuracy degree in which a USERx belongs to Clusterx). The above users' behaviour clustering variables (see Table 10 ) were used as predictor and an overall prediction accuracy of 89.5% was achieved which is considered to be a good rate of accuracy.
Clusters Description
Cluster 1 (fe edback antagonists) and Cluster 2 (passive and stingy people) : these clusters represent a group of users who have negative views/perceptions towards all feedback acquisition methods. These user groups prefer not to be asked for feedback or to be reminded about it. Even social factors have no noticeable effect on their willingness to give feedback. The only thing that differentiates between both groups is the feedback acquisition method that they prefer if they were to be asked for feedback. In cluster 1, users prefer online methods such as feedback popup dialogue while using the software. However, in cluster 2 users' first preferred method is the passive one whereas their second preference is the online method. However, the two cluster groups have very similar negative views/perceptions about feedback acquisition. This encourages software developers to seek and tailor ways to fit these groups in order to change negative perceptions into a positive one and engage them more with the software.
Cluster 3 (privacy fa natic and generous people): this cluster represents the most positive users group among the 4 clusters. Users in this group do not mind to be asked offline for feedback and even sent a reasonable number of reminders to respond to feedback requests. However, they are very concerned about their privacy and therefore they put a great emphasis on the importance of asking them for feedback explicitly rather than in an implicit way (e.g. implicitly collecting information about their software usage). In addition, users' willingness in this group (to give feedback) is positively affected by the following social factors:
• Volume of already given feedback: users in this group indicated that a high number of feedbacks given on a service or a product empower their willingness to give feedback (positive correlation).
• Visibility of other users' feedback: They indicated that being able to see other people's feedback first and then having the option to accept/reject to give feedback can encourages them to give feedback.
• Social recognition: users in this group are more motivated to give feedback when they/their feedbacks are being socially recognised by other users Cluster4 (privacy tolerant and socially ostentatious people) : this cluster represents the second positive users group among the 4 clusters. Users in this group do not like to be asked for feedback or reminded about it but their willingness to give feedback is highly affected by some social factors/variables such as similarity and visibility of others feedback. They also do not mind to be implicitly reached for feedback (e.g. implicitly collecting information about their software usage). However, their first preferable method (if they were to be asked for feedback) is using hints and tips to gather their feedback (e.g. by telling them that they can go to a feedback centre for this purpose and leave their feedback) whereas their second preference is the online method. Additionally, users' willingness in this group (to give feedback) is positively affected by the following factors:
• Volume of already given feedback: users in this group indicated that a low number of feedbacks given on a service or a product empower their willingness to give feedback (negative correlation).
• Visibility and similarity of other users' feedback:
They indicated that being able to see other people's feedbacks first (that are similar to their feedback/opinion) and then having the option to accept/reject to give feedback can encourages them to give feedback.
• Social recognition.
• Feedback acquisition as a social activity.
The previous different types of users' clusters reflects the need to have an adaptive feedback collection mechanism which can highly empower and improve different aspects such as users' satisfaction, feedback quality, users' engagement with the software, software adaptation quality, etc.
VI. DISCUSSION
Our study of users' behaviour with regards to feedback acquisition provides a clearer view and a deeper understanding on how feedback acquisition should be designed. It answers questions that were highly ambiguous and unknown about users' reactions to feedback requests such as what motivates users to give feedback, why some users hold negative views about feedback.
Combining the [mdings of the first and second phases of our study, the results showed that users' perceptions and behaviours with regard to feedback acquisition significantly vary and are affected by a number of factors. The variety among users' behaviours and the diversity of contextual information and design elements which affect that perception highlights the great need for an adaptive feedback acquisition process which accommodates such variety in autonomous or semi-autonomous way. It also raises awareness that feedback acquisition systems would need to be more context-aware. Amongst other things, feedback acquisition design should allow users to configure the way to receive feedback requests and express what information they would like to know before they give feedback and whether they want to see the effect of their feedback on the quality of service or the decision for the next release of the system.
The results show that there are a number of main factors and sub-factors that noticeably influence users' behaviour with regard to feedback acquisition in software applications. These main factors are; Feedback Acquisition Methods, Feedback Types, Users' Experience, Interface Design, Social Factors, Volume and Frequency of Feedback Requests. These behavioural factors should be highly considered by software developers at the early stages of feedback acquisition development process.
Having an adaptive feedback acquisition that can cater for such diversity is needed to make users looks more positively to feedback requests. This will have a positive side-effect on the feedback quality and truthfulness, users' involvement as decision makers, users' satisfaction and trust in the system. The good feedback, in quantity and quality, will increase developers knowledge about their users and software and software adaptation and success and help them decide how to evolve it or adjust it to enhance its role in meeting users expectations [3] . Fig.l , presents an initial application-independent conceptual framework for the design of an adaptive feedback acquisition. It summarizes our expert survey findings in [3] that are related to the motivation of an adaptive acquisition of users' feedback (right side of the figure). In [3] , experts in software engineering agreed that availability of an adaptive feedback acquisition is a necessary enabler to decide ways of acquiring feedback and to empower the success of socially adaptive software in particular and software systems in general. It also summarizes our [mdings on this paper and depicts the adaptation drivers from users' perspectives. In our future work, we will enrich this by looking at drivers from the perspective of information quality and software maintenance and evolution needs. 
VII. THREATS TO VALIDITY
Although we have carefully followed the principles in conducting mixed methods approach, our study would still have three main threats to validity:
• While the methodology was effective in identifying and describing users' behaviour and perception with regards to feedback acquisition, it is possible that it did not identify all the important aspects and factors that can affect and influence their behaviour in this regard.
• One of the most common issues when designing a questionnaire is to know whether the questions were understood by all participants as intended and in a similar way to one another. This threat was somehow addressed as we conducted a pilot test on typical respondents who met our inclusion criteria then some questions were revised and modified to ensure that all participants share almost a common understanding of the questions.
• The sample size for the quantitative phase (100 participants) would be considered medium; a bigger group of participants might produces results that could be more generalized to other groups. Future research would further investigate our findings in this paper and perhaps study feedback acquisition for more specific groups of users and feedback.
• The majority of the participants were students and staff � embers from Boumemouth University which might mtroduce a population bias. However, to minimize bias and allow for more diversity among participants the rest of the participant (35) were recruited from different countries. In addition, being a student or staff member and holding a postgraduate or undergraduate degree doesn't really have noticeable impact on users' behaviour with regard to feedback acquisition as suggested by the results of this study (see Section 6.4).
VIII. RELATED STUDIES
Hennig-Thurau et al [27] introduced several motives for users' engagement in an electronic word of mouth communication. Although our findings of users' motivations to provide feedback are slightly similar to [27] , our starting point was different in that the main focus was on users' motivations for giving feedback where users are targeted with feedback requests from software applications to assess the quality of the software behaviour. In other words, our study focuses on users' reaction, perceptions and motivations to give explicit feedback in response to feedback requests to evaluate the s . oftware application's quality and validity in meeting user requuements.
Additionally, Pagano and Bruegge [10] conducted an empirical case study on five professional software development companies to explore the current practice of users' involvement via their feedback. Their study mainly focused on the stages after feedback has been collected (e.g. structure, analyse, and track users' feedback) and no much attention was paid to the earlier stage where feedback co�lection activity takes place. Additionally, our study was bUIlt on the fact that users' behaviour with regards to feedback requests is an important factor to be studied to allow software developers to understand and know their audiences. Hence tailoring the right acquisition method to each different type of users in a systematic manner will have positive implications on the quality of the software, users' feedback and satisfaction.
Furthermore, Pagano and Maalej [9] conducted an exploratory study that analysed over one million reviews from the Apple AppStore. One of their study's objectives was to investigate the impact of users' already given feedback on the Why Feedback-based Adaptation [3] Benefit Users' 
Improve Software Adaptation
Increase feed back quality Economize the amount of collected feed back user community. Their [mdings suggested that visibility of already given feedback has a noticeable negative/positive impact on the app ratings as well as the community (e.g. users' experience). We argue that the visibility of others feedback has a larger range of effect and can also negatively/positively affect users' willingness to participate and respond to feedbacks requests (see users' behaviour in Cluster2 and Cluster4).
In regard to feedback acquisition, there are several available tools for gathering users' feedback in software systems in different forms (e.g. text, images and videos) and many of them also include context capturing functionality. Common examples are; UserVoice', Get-Satisfaction 2 , IdeaStorm 3 , VoiceYourView 4 and iRequire [28] . However, all of these tools are limited in terms of adaptivity to various users' behaviour. This can highly harm the quality of collected feedback and users' experience thus software's success. In addition, a systematic practice to gather users feedback is still missing in these tools (e.g. when to proactively ask users' for feedback?). This indeed highlights the need for a systematic and adaptive way to gather users' feedback.
IX. CONCLUSION
In this paper, we have conducted and reported on an empirical mixed method study to explore and investigate users' behaviour with regard to feedback acquisition in software applications. Users' were studied fIrst qualitatively and then quantitatively to enhance our results and allow for more generalization. We found that users' behaviour with regard to feedback acquisition highly varies and is influenced by a number of behavioural factors. Our results suggest that systematic approaches and mechanisms to conduct an adaptive feedback acquisition are highly needed. These approaches and mechanisms should fIt and adapt to each different user type and should highly consider the factors that influence users' behaviour during the feedback acquisition process. Availability of such systematic approaches for an adaptive feedback acquisition can greatly improve the quality of users' feedback, users' satisfaction and the quality of socially adaptive software.
